Wildlife meat is an important source of animal protein for rural and urban populations in Congo. Quantitative and qualitative surveys on the consumption of bushmeat were undertaken in Brazzaville in 2006, in about 1,050 urban households. The main objective was to es tablish the profiles of consumers and of species concerned. The results showed that 88.3% of the surveyed households consumed bushmeat. Their average size was 5.7 ± 3.2 persons. The average monthly income of an urban consumer with a permanent job was 98,334 (US$197) ± 84,306 (US$169) FCFA. It appeared that households preferred to consume bushmeat for two major reasons: the taste or flavor (67.8%) and food habits (14.7%). Meat from mammals was preferred, the top three orders of this class being artiodactyls (48.3%), rodents (28.3%), and primates (13.0%). Some of them are listed as threatened in Congo Brazzaville and are included in the IUCN Red List. The results showed that in Brazzaville, bushmeat consumption remains important and is determined by socio-economic parameters. The promotion of game farming, and breeding of domestic species such as poultry and fish, in the Brazzaville suburbs could help to meet Congolese demand for bushmeat Keywords: bushmeat, flavor, food habits, Brazzaville.
Introduction
Characterized by a 60% forest cover, Congo Brazzaville is among Africa's richest states for fauna and flora. Protected areas and forest zones constitute important habitats for wildlife [1, 2] , but this is increasingly threatened by hunting. Indeed, bushmeat remains the main source of animal proteins for people living close to forests and also contributes significantly to the diet of people living in urban areas [3, 4] .
Urbanization and economic crisis in Congo Basin countries contribute to the extension of forest exploitation and, on the basis of cultural values, to the hunting of wild animals and to the development of an informal bushmeat trade [5] [6] [7] . Roads established and maintained by logging concessions have intensified hunting by providing hunters greater access to relatively unexploited populations of forest wildlife and by lowering hunters' costs to transport bushmeat to market [8] .This commercial hunting threatens many animal species such as monkeys and great apes [9] [10] [11] [12] [13] , duikers, and the forest elephant, all of which are suffering from a decline in the Congo Basin [14] [15] [16] [17] [18] [19] .
Brazzaville is currently home to one-third of the human population of Congo with a strong demand for staple food products, in an environment which hardly meets those requirements [20, 21] . Protein consumption including beef, mutton, chicken, bushmeat, and eggs has been studied in Brazzaville by Ofouémé-Berton [22] , who described the dietary habits of its inhabitants. However, data on bushmeat consumption, especially the socio-economic ones, are lacking.
Therefore, the present qualitative study was undertaken in order to outline the urban bushmeat consumers' profile and motivations, to identify the most popular species, and finally, to establish the consumers' perceptions in relation to the safety of bushmeat as food and their interest in breeding game animals for human consumption. This study is the first step of a broader quantitative approach that will be the subject of further papers.
Methods

Study area
The study was undertaken in Brazzaville ( Fig. 1) [23, 24] , located in the southern part of the Congo. The annual rainfall ranges between 1,400 -1,600 mm [25] . Brazzaville -1,029,980 inhabitantscovers about 17,000 ha with more than 30 km stretching along the Stanley Pool on the right bank of the Congo River [21] . As such, the administrative and political capital of Congo was divided into seven distinct geo-ethnic districts, i.e., Makélékélé, Bacongo, Poto-Poto, Moungali, Ouenzé, Talangaï, and Mfilou -Brazzaville, and offers nowadays a privileged field for sociologic research [26] . Nzoho [27] revealed that in Congo Brazzaville, the most important ethnic groups are the Kongos (40% to 45% of the total population), the Tékés (20% to 25%) and The Mbochis (10% to 15%). The Kongo group originates from the districts of Kouilou, Niari, Bouenza, Lékoumou, and Pool; the Mbochi one from the districts of Cuvette, Cuvette-Ouest, and Plateaux; and the Téke one from the districts of Niari, Bouenza, Lékoumou, Pool, Plateaux, and Cuvette Ouest. The other ones are the Makaa, Sangha, Kota, Nzabi-Mbédé and Echira originating from the districts of Niari, Lékoumou, Cuvette-Ouest, Sangha, and Likouala. 
Data collecting methodology
The survey was conducted during the open hunting period from May 1 to Oct. 31 , 2006.
Selection of field areas was made on the basis of a cartographic report of the General Census of the Population and the Habitat of 2001. Twenty-one areas were chosen covering the entire city, three in each of the seven districts of Brazzaville.
These three areas per district were chosen in such a way that they were equidistant on a line perpendicular to parallel back streets of the district, dividing it in two equal parts. Fifty households per area were investigated by dividing the total number of households chosen to be investigated in the city (1,050), by the total number of areas (21). Each area was investigated according to a transect line. On each line, one household was surveyed in every five.
In compounds with several households, no more than three were surveyed. Each surveyed individual received a preliminary briefing on the study before the interview. Each head of household answered only once. Any unwilling persons were discounted from the survey. The available data were therefore obtained at the end of the interviews from households which gave their consent according to the declaration of Helsinki [28] .
The study methodology combined two approaches: a quantitative approach using a questionnaire as the principal tool for collecting data and a qualitative approach calling for informal survey methods via an individual or group interview. Besides these two approaches, direct observations, secondary data, interviews of key persons, focus groups, and a case study were used as previously recommended by Simard [29] .
The questionnaire was structured into four parts: characterization of the socioeconomic profile of bushmeat consumers, supply of and demand for bushmeat, bushmeat consumption and perceptions on threats, and opportunities for its consumption.
Bushmeat consumption was evaluated through answers to the question: ''Do you currently eat bushmeat?'' The Yes/No answers were crossed with socio-demographic characteristics of the interviewed head of household (age, geographic and cultural origin, religion, professional situation, head of household's monthly income, and household size).
Statistical analysis
The software Epi Info version 6.0 was used for computerizing data collected during the survey. Data were then transferred into software SPSS [30] for statistical analysis. Data collected from qualitative surveys were subjected to a descriptive statistical analysis, including a bi-variate analysis using contingency tables
The chi-squared test indicated the strength of a relationship between two variables from the contingency tables. Differences were considered to be significant at p ≤ 0.05.
Results
Bushmeat consumer's profile and motivations
The results revealed that the average age of bushmeat consumers was 44.4 ± 12.3 years (range 19 to 83 years). The highest number of heads of household (62.2%) admitting bushmeat consumption was in the 35-59 years age range. There was no significant relationship between the age of heads of household and bushmeat consumption (²= 3.1; p = 0.534). The ethnic groups Echira, Kota, Makaa, Nzabi-mbédé, and Sangha, showed a great propensity for bushmeat consumption (93.7%) similar to that of the Mbochi groups (93.5%) and Téké (93.5%) ( Table 1 ). There was however a dependence between the ethnic group of heads of households and bushmeat consumption (² = 16.0; p = 0.003). In the districts of Lekoumou and Sangha, all the surveyed persons were consumers of bushmeat (Table 2) .There was a relationship between the heads of households' native region and the probability of household bushmeat consumption (²= 29.4; p = 0.002). Concerning the religions, animist heads of household were the most enthusiastic bushmeat consumers (94.7%) ( Table 3 ). Religion and probability of bushmeat consumption were related (² = 10.1; p = 0.017). The professional status influenced the behavioral bushmeat consumption (² = 9.7; p = 0.082). All employers were bushmeat consumers, followed by wage-earning workers in public and private sectors (91.6%) ( Table 4 ). The average number of persons per household was 5.7 ± 3.2 (Range 1-28) ( Table 5 ). There was also a positive relationship between the size of the households and bushmeat consumption (² = 11.7; p = 0.008). The households with 10 persons or more showed a higher frequency in game consumption (94.7%) compared to households with 7 to 9 persons (90.2%), and to those with 4 to 6 persons (88.8%) and finally those with 1 to 3 persons (83.2%).
Finally, it appeared that households preferred to consume bushmeat for two major reasons: the taste or flavor (67.8%) and their food habits (14.7%).
Supply and demand for bushmeat
The main sources of bushmeat supply were markets (85.4% of households), gifts given by relations or parents who previously lived in places where the product was available and cheap (10.2%), intermediaries, mostly neighbors, wholesalers and other suppliers (3.7%), and hunters (0.7%). Most of the surveyed households (79.7%) reported that the price of bushmeat was higher in recent years, versus 10.1% who found it stable and 3.3% who found it lower; 6.9% had no opinion.
In the light of this, 74.9% of households reported that their bushmeat consumption had decreased in recent years against 19.5% who said it was stable and 5.6% who estimated that their consumption had increased.
It appeared that 80.6% households would like to see a stabilization of the sale price of bushmeat in order to increase their consumption and thus guarantee their dietary security.
Diversity of game consumed or appreciated by households
Bushmeat species were distributed in three animal classes: mammals, birds, and reptiles. Overall, the most consumed groups were artiodactyls (48.3%), rodents (28.3%), primates (13.0%), reptiles (4.0%), carnivores (3.2%), proboscidians (2.0%), and birds (1.2%).
All those animal species whose flesh was found to be consumed by Brazzaville households are listed in Appendix 1.
Despite the high number of species concerned on the whole, those consumed within households are limited by numerous cultural and religious taboos. 
Perceptions on threats and opportunities
In the surveyed population, 68.4% of heads of household expressed concerns about food safety and recognized the possibility of contracting diseases by consuming bushmeat. The diseases they feared were Ebola hemorrhagic fever (61.2%), diarrhoea (15.2%), gout (14.1%), filariasis (3.7%), cystocercosis (3.2%) and typhoid fever (2.6%), despite the fact that only the first two of these are associated with contaminated bushmeat.
This survey also revealed a relationship between the heads of households' native region (² = 83.1; p = 0.0001), ethnic group (² = 60.7; p = 0.0001), and concerns about food safety.
Referring to the organic quality of the meat, 72.5% of the respondents preferred to consume bushmeat and 14.8% farmed game, with 12.7% having no opinion. The reasons given concentrated essentially on the natural aspect of bushmeat, and 93.8% of households found bushmeat more natural than the other meat they consumed. A similar proportion (92.1%) of households indicated that they were not informed about the breeding of wild animals in the country.
Discussion
Limits of the Methods
The binomial Yes/No answers to questions are highly qualitative but they were considered as a first step to draw up the socio-economic profile of the consumers. When a person surveyed answered "Yes" to the question whether he eats bushmeat, it was expected that he was an active consumer.
Possible bias stems from the fact that to the question "Do you currently eat bushmeat?" no validation of the answers could be obtained. Mental conceptualization of bushmeat consumption in the imagination of the populations could be associated, to some extent, to a prestige factor and may have encouraged subjects to answer positively. That bias couldn't be isolated from the analysis of the data.
Household bushmeat consumption has been studied in most Central African countries, above all through surveys. As it was underlined by Chardonnet [31] , the sampling methods used in most studies do not warrant the relevance of the sample and it is often difficult to infer the obtained results to the whole target population. In most cases, the studies do not usually last long enough and do not make a follow-up of the effective household's consumption, in order to integrate the consumption variation within the time period.
Profile of consumers
The surveyed Brazzaville population appears heterogeneous and characterized by great ethnic diversity, with varied dietary habits. From that perspective, the ethnic groups all showed a great propensity for bushmeat consumption, close to 94%. In Brazzaville, bushmeat thus constitutes a significant contribution in the diet [2, 3] . Bushmeat consumption was closely associated with rooted cultural values [4, 5] . It appears that the majority of household heads' attachment to this wildlife diet is due to the underlying links existing between the urban consumers of bushmeat and their geographic origin. Willcox and Nambu [32] and Schenck et al. [33] also found that other urban populations of the Congo Basin remain attached to their traditional diet. Bushmeat consumption involved a great proportion of all religious believers. However, animist heads of household, although a minority, were the greatest consumers of bushmeat. This corroborates a previous report of Noumonvi Cossi [34] in Libreville.
Factors which may influence bushmeat consumption in households
Standards of life such as the size and income of households have an important influence on the frequency of bushmeat consumption in urban households. Wilkie et al. [35] reported that people with substantial incomes regularly bought more bushmeat.
The results of the survey have shown that households having a monthly income less than 75,000 (US$150) FCFA (corresponding to the minimum survival borderline in Congo-Brazzaville, according to ECOM [21]) are confirmed consumers despite the inadequacy of their income. ECOM [21] also noted a poverty rate of 50.1%. Poor urban households, even if they consume bushmeat less frequently, are still an important sector of consumers.
According to the majority of urban consumers, prices of bushmeat are too high and are presently beyond their financial capacity [36, 37] . The present study found that only a few rich households declared they are presently able to regularly afford a meal based on bushmeat and the majority of households consumed bushmeat only on rare occasions in the quantities available and the prices asked. Abundance and scarcity are real phenomena on the bushmeat market and this situation often causes hardship among consumers since the law of supply and demand has resulted in large increases in bushmeat prices [36] . Low income households no longer have easy access to the product and the consumers have to turn to other protein sources. Yet, Wilkie et al. [35] indicated that the "sale price" in relation to purchasing power is a major determinant of bushmeat consumption.
In Brazzaville, the consumption of the three most prized orders namely, artiodactyls, rodents, and the primates, was motivated not only by the taste or flavor, but also by dietary habits. So, it appeared that the price determining the quantity to be acquired plays a significant role in the choice of preferred species. Thus, the desire to consume bushmeat is explained essentially by its organic qualities and the social habits of the consumers [2, 3] . The survey showed that artiodactyls were the most preferred, followed by rodents, then primates. The lowered frequency of consumption of primates, recently observed in Brazzaville households, is probably due to respect for many dietary taboos and the occurrence of emerging diseases such as viral hemorrhagic fever (Ebola) which may affect consumers of great apes [38] . This observation suggests that the appearance of zoonotic diseases constitutes a powerful psychological brake on primate consumption. Nowadays, because of the reduction of risk of catching the disease about which there is raised awareness, reticence about primate consumption is much reduced. Consumers' concerns, (except for the risk of gout, resulting from consumption of meat over a long period of time), and about other diseases (except Ebola), are linked above all to preservation and transport conditions of bushmeat not conforming to the required hygienic standards [39] .
From that perspective, the majority of the surveyed households (68.4%) recognized the possibility of contracting diseases when consuming bushmeat. In 2003, a Congolese outbreak of Ebola-Zaire killed 114 out of the 128 humans who contracted it [40] . Around the same time, 600-800 western lowland gorillas (Gorilla g. gorilla), encompassing two-thirds of the local population, disappeared from the nearby Lossi Gorilla Sanctuary [41] . Contact with contaminated primates constitutes a major risk of viral infections in humans. A decrease of primate consumption has the potential to reduce the probability of such an occurrence [42] .
Elsewhere, the survey showed that the survival or the persistence of dietary prohibitions or taboos might, to some extent, limit the consumption of species whose population numbers are naturally lower. It is particularly the case for the lowland gorillas and apes whose disappearance from the forests of Africa would be as much a loss for the culture as for the ecosystem [11] [12] [13] . From that perspective, in western Madagascar, taboos and strong dislikes limited the consumption of domestic pigs, bush pigs, goats, lemurs, and fruit bats [43] .
However, Vermeulen [44] reported that dietary taboos have never prevented trapping of wild animals. The role of taboos is mainly to show the place of an individual within his social group, not to protect the species concerned, which continue to be sold in markets.
Implications for conservation
The study showed that bushmeat represents an important complementary source of animal protein in the diet of urban populations in Congo. [14] [15] [16] 46] . This also stems from other illegal practices such as traditional and commercial use of crocodile skin and elephant ivory [31] . However, the meat of these animals is also consumed when available. This situation is due to the emergence of commercial hunting which aims at satisfying the demand of urban markets but also to the lack of personnel and the inadequacy of financial and material means for those in charge of wildlife management [47, 48] .
In order to reduce the pressure of hunting on the fauna, the control and management of hunting measures should be investigated, taking the season of reproduction into account [49] . It should effectively involve local and native populations in the sustainable management of protected areas. Bushmeat derives mainly from wildlife species, essentially mammals ( Fig. 4) including species less sensitive to pressure, which should, however, be rationally exploited. In Brazzaville, consumption of the three most prized orders, artiodactyls, rodents, and primates, was motivated essentially by its organic qualities and the social habits of the consumers [50] . If inhabitants of Brazzaville are allowed to consume bushmeat at the current levels, wildlife is likely to decrease and eventually to disappear. Conservation measures should take into account the interest of the population in bushmeat, and thus promote the breeding of domestic species and the breeding of animals whose meat products could be considered as "wild" by the population (blue duiker, forest buffalo, red river hog, African brush-tailed porcupine and cane rat). Such game farming already exists in the Congo Basin where cane rat, f.e., is sold at very competitive prices. The socio-economic profile of bushmeat consumers has been drawn up in this study. A further step will be to determine the quantities and frequencies of bushmeat intakes by households in Brazzaville. This will be the subject of a further paper.
